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IMAGING APPARATUS AND LENS
MOVEMENT CONTROL METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an 1imaging apparatus and
a lens movement control method.

2. Description of the Related Art

Recently, as typified by cellular phones, mobile devices
with a built-in camera as an 1maging apparatus are rapidly
becoming popular. There 1s an increasing number of cameras
each to be built 1n a mobile device, which have an auto focus
mechanism. Because miniaturization 1s a prerequisite in
mobile devices, the miniaturization of the auto focus mecha-
nism 1s desired.

Conventionally, a stepping motor as a lens drive motor 1s
used to do auto focusing. An auto focus mechanism using the
stepping motor needs to convert the torque of the motor 1nto
the movement of a lens, making miniaturization difficult.

There are methods which do not use an electromagnetic
motor like a stepping motor. One example of such methods
drives a lens by an ultrasonic motor used by, for example, a

single-lens reflex camera, as disclosed 1n Unexamined Japa-
nese Patent Application KOKAI publication No. 2005-
57839.

However, because the ultrasonic motor employs a mecha-
nism which generates ultrasonic vibration by a plurality of
piezoelectric elements, mimaturization and cost reduction are

difficult.

As a lens moving mechanism which overcomes the fore-
going problem, there 1s a Smooth Impact Drive Mechanism
(heremaftter, “SIDM”) as disclosed 1n Unexamined Japanese
Patent Application KOKAI publication No. 2002-95272 and
Unexamined Japanese Patent Application KOKAI publica-
tion No. 2005-86887.

In the SIDM, as shown 1n FIG. 15, one end and the other
end of a piezoelectric element 1 are respectively attached to a
fixation member 2 and a drive shatit 3. A Flexible Print Circuit
(hereinaftter, “FP(C”") 4 1s attached to the piezoelectric element
1, and a voltage 1s applied to the piezoelectric element 1
through the FPC 4. A lens holder 5 for fixing a lens 1s mounted
on the drive shatt 3 or attached thereto 1n such a way that the
drive shaft 3 penetrates the lens holder 5. The lens holder 5
moves along the drive shaft 3. The position of the lens 1s
determined based on at what position 1n the drive shaft 3 the
lens holder 5 1s located. A best focal length which 1s a distance
for best focusing changes 1n accordance with the position of
the lens.

It 1s generally known that the piezoelectric element 1
expands and contracts as a voltage 1s applied. As a pulse
voltage 1s repeatedly applied to the piezoelectric element 1
via the FPC 4, the piezoelectric element 1 expands and con-
tracts based on the pulse voltage. Adjusting the rise speed of
the pulse and the fall speed thereof can adjust the expansion
and contraction speed of the piezoelectric element 1.

As the piezoelectric element 1 1s slowly expanded, the lens
holder § 1s displaced with the displacement of the piezoelec-
tric element 1 because of Iriction between the lens holder 5
and the drive shaft 3. As the piezoelectric element 1 1s rapidly
contracted, the frictional part of the lens holder 5 slips
because of the 1nertia, and the lens holder 5 remains at almost
the same position. By repeating expansion and contraction,
the lens 1s displaced by a long stroke.

As the foregoing operation 1s performed reversely, the lens
can be moved in the opposite direction.
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In the case of auto focusing, the camera moves the lens to
plural points within a desired focus range by controlling the
lens moving mechanism, finds out the best focus lens position
where the best focus 1s set to an 1maging target from 1mage
information obtained at each point, and moves the lens to that
position. The method of finding the best focus lens position 1s
disclosed 1 Unexamined Japanese Patent Application
KOKAI publication No. H3-122579.

When the lens 1s moved to set the best focus to the imaging,
target, a lens position (reference position) to be a reference
where a focal position 1s specified beforehand 1s necessary to
figure out a current lens position. Thus, when the lens 1s
mounted on the camera, a stopper which stops the lens holder
5 at a position over the drive shait 3 where the best focal
length becomes infinite (hereinatter, this position 1s called
“infinity end”) 1s set up, and this infinity end 1s taken as a
reference position. The reference position may not be the
infinity end, but may be set to a position where the best focal
length 1s 1.4 m or a position where the best focal length 1s 1 m,
both positions being shifted from the infinity end by specified
number of pulses.

In the SIDM, pulse control 1s performed, and the move-
ment ol the lens holder 5 1s controlled by the number of pulses
or a time when pulses are applied. In moving the lens holder
5 to a desired position, first, the lens holder 5 1s moved until 1t
hits the stopper which serves as the reference position. From
this position, a pulse voltage having a necessary number of
pulses for the lens holder 5 to move to the desired position 1s
applied to the piezoelectric element 1, or a pulse voltage 1s
applied to the piezoelectric element 1 for a time necessary for
the lens holder 5 to move to the desired position.

In the SIDM, however, the movement of the lens 1s per-
formed by the friction between the lens holder 5 and the drive
shaft 3 and reciprocation, raising a problem such that the
moving speed of the lens varies. For example, even 1f the
average moving speed of the lens 1s 3.75 mm/sec, the moving
speed varies from the mimmum (2.2 mm/sec) to the maxi-
mum (5.3 mm/sec) at a normal temperature. As the moving,
speed of the lens holder 5 on which the lens 1s mounted varies,
the moving distance of the lens holder 5 varies even 1f the
pulse voltage 1s applied to the piezoelectric element 1 by the
specified number of pulses, or for the specified time. Accord-
ingly, 1t 1s difficult to move the lens to the desired position. In
particular, 1n macro shooting 1n which the moving distance of
the lens holder 5 from the infinity end becomes large, a
variation 1n moving distance becomes extremely large, mak-
ing 1t difficult to control the moving distance by the pulse
voltage.

SUMMARY OF THE INVENTION

Accordingly, 1t 1s an object of the present invention to
provide an 1maging apparatus and a lens movement control
method which can suppress a positional variation after a lens
1s moved.

To achieve the object, an 1maging apparatus that picks up
an 1mage input via a lens according to the first aspect of the
invention comprises:

a moving unit that moves the lens along a drive shaft in a
direction to make shorter a best focal length where a best
focus 1s set to an 1maging target and 1n a direction to make the
best focal length longer;

a first stopper that inhibits the lens from moving along the
drive shaft in the direction to make the best focal length
longer; and

a second stopper that 1s located at a position apart from the
first stopper and inhibits the lens present between the first
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stopper and the second stopper from moving in the direction
to make the best focal length shorter.

To achieve the object, according to the second aspect of the
invention, there 1s provided a lens movement control method
for an 1maging apparatus that picks up an 1mage mnput via a
lens and having a moving unit that moves the lens along a
drive shait 1n a direction to make shorter a best focal length
where a best focus 1s set to an imaging target and 1n a direction
to make the best focal length longer, a first stopper that inhib-
its the lens from moving along the drive shait in the direction
to make the best focal length longer, and a second stopper that
1s located at a position apart from the first stopper and inhibits
the lens present between the first stopper and the second
stopper from moving in the direction to make the best focal
length shorter. The method includes:

a first process step where when 1imaging 1s performed 1n a
first imaging mode, movement of the lens 1s stopped by the
first stopper, and the lens 1s moved from a reference position
at which the movement 1s stopped by a desired amount in the
direction to make the best focal length shorter; and

a second process step where when 1imaging 1s performed in
a second 1maging mode to ensure closer imaging than the first
imaging mode, movement of the lens 1s stopped by the second
stopper, and the lens 1s moved from a reference position at
which the movement 1s stopped by a desired amount in the
direction to make the best focal length longer.

According to the invention, 1t 1s possible to suppress a
positional variation aiter the lens 1s moved. In particular, at
the time of, for example, macro shooting which enables close-
up, the moving distance of the lens can be shortened to
shorten the shooting time, and the positional variation after
lens movement can be suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

These objects and other objects and advantages of the
present invention will become more apparent upon reading of
the following detailed description and the accompanying
drawings 1n which:

FI1G. 11s adiagram showing a part of a camera according to
an embodiment of the invention;

FIG. 2 1s a configuration diagram of a cellular phone
equipped with the camera 1n FIG. 1;

FI1G. 3 1s a circuit diagram showing a lens drive circuit that
moves a lens holder in FIG. 1;

FIGS. 4A to 4C are explanatory diagrams for a pulse volt-
age applied to a piezoelectric element;

FI1G. 51s a flowchart showing a basic process of the camera
according to the embodiment of the invention;

FIG. 6 1s a flowchart showing a normal initial-position
moving process i FIG. 5;

FIG. 7 1s a flowchart showing a normal auto focus control
process 1 FIG. 5;

FI1G. 8 15 a flowchart showing the details of a peak position
detecting process 1n FIG. 7;

FIG. 9 1s a flowchart showing a macro initial-position
moving process in FI1G. 5;

FI1G. 10 1s a flowchart showing a macro auto focus control
process 1 FI1G. 5;

FIG. 11 1s a flowchart showing a conventional macro 1ni-
tial-position moving process;

FI1G. 12 1s a flowchart showing a conventional macro auto
focus control process;

FIG. 13 1s an explanatory diagram for an example of the
movement path of a lens 1n the macro initial-position moving,
process;
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4

FIG. 14 1s an explanatory diagram for an example of the
movement path of the lens 1n the macro auto focus control
process; and

FIG. 15 1s a diagram showing the main parts of an SIDM of
a conventional camera.

L1
=]

ERRED

DETAILED DESCRIPTION OF THE
EMBODIMENT

PR.

An embodiment of the present invention will be described
in detail below with reference to the accompanying drawings.

FIG. 1 1s a diagram showing a part of a camera 10 accord-
ing to the embodiment of the invention.

FIG. 2 1s a configuration diagram of a cellular phone
equipped with the camera 10 1n FIG. 1.

FIG. 3 1s a circuit diagram showing a lens drive circuit 101
that moves a lens holder 18 in FIG. 1.

The camera 10 of the embodiment 1s mounted 1n a cellular
phone as shown in FIG. 2 to enable the cellular phone to
function as an 1maging apparatus. As shown in FIG. 1, the
camera 10 has an imaging device 11 which comprises a
CMOS sensor or a CCD sensor. The imaging device 11 1s
mounted on one side of a ceramic board 12. The ceramic
board 12 1s adhered to a casing 13 by an adhesive 14 in such
a way as to enclose the imaging device 11. The casing 13 has
aplate 13a on the ceramic board (12) side. The plate 13a faces
the ceramic board 12, and has an opening at a portion which
corresponds to the imaging device 11. One end of a piezo-
clectric element 15 1s attached to the opposite side of the plate
134 to the ceramic board 12, while the other end of the
piezoelectric element 15 1s attached to a drive shait 16.

A flexible printed circuit (FPC) 17 1s attached to either side
face of the piezoelectric element 15, and a voltage 1s applied
to the piezoelectric element 15 via the FPC 17. A lens holder
18 which secures a lens 21 1s movably attached with the drive
shaft 16 penetrating the lens holder 18. The lens holder 18
moves along the drive shaft 16. The position of the lens 21 1s
defined by where on the drive shaft 16 the lens holder 18 is
positioned. The best focal length (the distance from the cam-
era 10 which provides the best focus to an 1maging target)
changes according to the position of the lens 21.

Attached to the casing 13 are an infinity end stopper 19 and
a macro-side stopper 20 which abut on the moving lens holder
18 to stop the movement thereof.

The infimity end stopper 19 stops the lens holder 18 at a
position where the best focal length of the lens 21 becomes
infinite, and 1s disposed near the ceramic board 12. The dis-
posing position of the infinity end stopper 19 1s set by oper-
ating the auto focusing (AF) before the infinity end stopper 19
1s attached to the casing 13 to move the lens holder 18, and
finding the position of the lens holder 18 where the best focal
length becomes infinite. The infinity end stopper 19 1is
adhered to the casing 13 1n such a way that the lens holder 18
does not move toward the ceramic board 12 from the set
position any more. As will be discussed later, the position of
the miinity end stopper 19 becomes an infinity-end reference
position 1n normal mode for normal shooting.

As the infinity end stopper 19 1s fixed to the casing 13, a
lens position 1n macro mode for macro shooting 1s specified
from the optical characteristic of the lens 21. Thus, a position
where the best focal length of the lens 21 becomes, for
example, predetermined 8 cm 1s acquired by calculation or
the like from the optical characteristic of the lens 21. The
macro-side stopper 20 1s adhered to the casing 13 1n such a
way thatthe lens 21 mounted on the lens holder 18 stops at the
acquired position. The macro-side stopper 20 1s disposed at a
position more apart from the ceramic board 12 than the 1nfin-
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ity end stopper 19. The position of the macro-side stopper 20
becomes a macro-side reference position 1n macro mode for
close-up shooting.

The 1nfinity end stopper 19 and the macro-side stopper 20
may be disposed 1n the casing 13 before the ceramic board 12
1s adhered to the casing 13. For example, when the casing 13
1s formed by molding or the like, the infinity end stopper 19
and the macro-side stopper 20 may be formed simulta-
neously, and then the ceramic board 12 may be adhered to the
casing 13 in such a way that the best focal length becomes
infinite with the lens holder 18 abutting on the 1nfinity end
stopper 19.

As shown1n FIG. 2, the cellular phone on which the camera
10 1n FIG. 1 1s mounted has an antenna 31, a wireless com-
munication unit 32 connected to the antenna 31, a display unit
33 for display, a memory 34, a key mput unit 35 including
various keys, a CPU 36 controlling those units and camera 10,
and a reference clock generator 37. As the CPU 36 controls
the camera 10, the cellular phone shown in FI1G. 2 functions as
an 1maging apparatus.

The reference clock generator 37 1s a circuit which gener-
ates a clock signal, which 1s supplied to the camera 10, the
wireless communication unit 32, and the CPU 36.

The imaging device 11 of the camera 10 outputs a signal
corresponding to a picked-up image to the CPU 36 1n
response to a control signal supplied from the CPU 36. The
memory 34 stores a program 341 to be used by the CPU 36
and an 1mage picked up by the camera 10.

The camera 10 has a lens drive circuit (lens driver) 101 for
moving the lens holder 18. The lens drive circuit 101 1s
structured as shown 1n FIG. 3.

The lens drive circuit 101 has a power source unit 40, a
drive wave generator 41, two P-channel type MOS transistors
(heremaftter, “PMOS”) 42, 43, two N-channel type MOS
transistors (hereinatter, “NMOS™) 44, 45, a resistor 46, and a
capacitor 48.

The power source unit 40 1s commonly used by the various
units of the cellular phone and the lens drive circuit 101. The
power source unit 40 has a negative electrode grounded, and
generates a supply voltage Vec from a positive electrode
thereof.

The drive wave generator 41 1s connected between the
positive electrode and the negative electrode of the power
source unit 40 and 1s supplied with power. The control signal
from the CPU 36 and the clock signal from the reference
clock generator 37 are input to the drive wave generator 41.
The drive wave generator 41 generates a drive signal SA for
driving the gates of the PMOS 42 and the NMOS 44, and a
drive signal SB for driving the gates of the PMOS 43 and the
NMOS 45 based on the control signal supplied from the CPU
36 and the clock signal supplied from the reference clock
generator 37.

The source and drain of the PMOS 42 are respectively
connected to the positive electrode of the power source unit
40 and the drain of the NMOS 44. The source and drain of the
PMOS 43 are respectively connected to the positive electrode
of the power source unit 40 and the drain of the NMOS 45.
The sources of the NMOS 44 and the NMOS 45 are connected
to the negative electrode of the power source unit 40 through

the resistor 46. The drive signal SA 1s supplied to the gates of
the PMOS 42 and the NMOS 44, and the drive signal SB 1s

supplied to the gates of the PMOS 43 and the NMOS 45.
The FPC 17 shown 1in FIG. 1 1s connected to the node
between the drain of the PMOS 42 and the drain of the NMOS
44, and 1s connected to one side face of the piezoelectric
element 15. The FPC 17 1s connected to the node between the
drain of the PMOS 43 and the drain of the NMOS 45, and 1s
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6

connected to the other side face of the piezoelectric element
15. The capacitor 48 1s connected between the positive elec-
trode and the negative electrode of the power source unit 40 to
suppress a change 1n supply voltage Vcc.

The PMOS 42 and the NMOS 44 are complementary
turned on and oif by the drive signal SA generated by the drive
wave generator 41. When the PMOS 42 1s turned on and the
NMOS 44 1s turned off, the supply voltage Vcc 1s applied to
the one side face of the piezoelectric element 15. When the
PMOS 42 is turned oif and the NMOS 44 1s turned on, the one
side face of the piezoelectric element 15 1s set to the ground
potential.

The PMOS 43 and the NMOS 435 are complementary
turned on and oif by the drive signal SB generated by the drive
wave generator 41. When the PMOS 43 1s turned on and the
NMOS 45 1s turned off, the supply voltage Vcc 1s applied to
the other side face of the piezoelectric element 15. When the
PMOS 43 1s turned off and the NMOS 45 1s turned on, the
other side face of the piezoelectric element 15 1s set to the
ground potential.

Applied to the piezoelectric element 135 1s a difference
between a voltage VA output from the PMOS 42 and the
NMOS 44, and a voltage VB output from the PMOS 43 and
the NMOS 45. The voltage VA 1s periodically changed as
shown 1n FIG. 4A and the voltage VB 1s periodically changed
as shown 1n FI1G. 4B by the drive signals SA and SB generated
by the drive wave generator 41. As the voltage VA and the
voltage VB change periodically, a periodical pulse voltage
VCis applied to the piezoelectric element 15 as shown i FIG.
4C. The rise time of the pulse voltage VC and the fall time
thereof are variable in accordance with the way of supplying
the drive signals SA and SB.

As the pulse voltage VC 1s repeatedly applied to the piezo-
clectric element 15 through the FPC 17, the piezoelectric
clement 135 expands and contracts based on the pulse voltage
VC. Because of the expansion and the contraction, the drive
shaft 16 vibrates, and this vibration moves the lens holder 18
shown 1n FIG. 1.

As the piezoelectric element 15 1s slowly expanded, the
lens holder 18 1s displaced with the displacement of the piezo-
clectric element 15 because of the friction between the lens
holder 18 and the drive shaft 16. As the piezoelectric element
15 1s rapidly contracted, the frictional part of the lens holder
18 slips because of the mertia, and the lens holder 18 remains
at almost the same position. By repeating expansion and
contraction, the lens 21 1s displaced by a long stroke.

As the foregoing operation 1s performed reversely, the lens
21 can be moved 1n the opposite direction.

Next, a process of an auto focus control will be explained.

In the auto focusing of the camera 10 of the embodiment,
two shooting modes can be set: a “normal mode” for shooting
an object whose distance from the camera 10 1s 30 cm or so to
infinity, and a “macro mode” for shooting an object whose
distance from the camera 10 1s 10 cm or so to 20 cm or so can
be set. The separation of the scan range over which the lens 21
1s moved for auto focusing into two shortens the time until the
auto focusing 1s focused.

The basic process of the camera 10 according to the
embodiment of the invention 1s shown 1n FIG. 5. The basic
process 1s executed as the CPU 36 controls the camera 10 in
accordance with the program 341 stored in the memory 34.
When the cellular phone 1s set to a camera mode for camera
shooting, the camera 10 1s activated (step S1). When the
camera 10 1s activated, the CPU 36 prompts the user to set a
shooting mode. The default setting of the shooting mode 1s the
normal mode. As the user selects the shooting mode with the
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key iput unit 35 to set the shooting mode (step S2), the CPU
36 determines whether the shooting mode 1s the macro mode
or not (step S3).

When the shooting mode 1s not the macro mode (step S3:
NO), which means that the shooting mode 1s the normal
mode, a normal 1nitial-position moving process (step S4) and
a normal auto focus control process (step S5) are executed.

When the shooting mode 1s the macro mode (step S3:
YES), a macro 1itial-position moving process (step S6) and
a macro auto focus control process (step S7) are executed.
The macro 1nitial-position moving process and the macro
auto focus control process will be explained 1n detail later.

When the normal auto focus control process 1n step S5 or
the macro auto focus control process 1n step S7 1s terminated,
imaging 1s performed (step S8). After the imaging, the CPU
36 determines whether the camera mode 1s terminated (step
S9). When no instruction of stopping the camera function has
been given and the camera mode 1s not terminated (step S9:
NO), the process returns to step S2. When the 1nstruction of
stopping the camera function has been instructed, and the

camera mode 1s terminated (step S9: YES), the process in the
camera mode 1s terminated.

The above-described process 1s the basic process of the
camera.

Next, the normal mitial-position moving process which 1s
the process at step S4 1n the basic process of the camera shown
in FI1G. 5 will be explained. FIG. 6 1s a tlowchart showing the
process contents of the normal 1nitial-position moving pro-
Cess.

First, the CPU 36 moves the lens holder 18 to an infinity-
end reference position (step S11). Specifically, because at
which position the lens 21 1s located 1s unknown, the CPU 36
continuously applies the pulse voltage VC to the piezoelectric
clement 15 to move the lens holder 18 having the lens 21 built
therein 1n an infinite direction in which the best focal length
becomes long (direction toward the ceramic board 12). The
presence of the infinity end stopper 19 1n the infinite direction
inhibits the lens holder 18 from further moving after contact-
ing the infinity end stopper 19. Therefore, no matter which
position the lens 1s located when the normal 1nitial-position
moving process 1s started, the lens 21 and the lens holder 18
move to the infinity end stopper 19 which is the infinity-end
reference position, thereby specitying the lens position.

Atthis time, the CPU 36 applies the pulse voltage VC to the
piezoelectric element 15 for a predetermined time suificient
to move the lens holder 18 from an arbitrary position on the
drive shaft to the infinity-end reference position, so that the
lens holder 18 moves to the infinity-end reference position. In
this respect, the CPU 36 waits for the passage of the prede-
termined time suificient for the completion of the movement.

After that, the CPU 36 moves the lens 21 to an initial
position 1n normal mode (normal 1nitial position) (step S12).
Specifically, the CPU 36 set the normal 1nitial position with
the 1nfinity-end reference position taken as a reference, and
moves the lens 21 and the lens holder 18 to the set position.
The CPU 36 moves the lens holder 18 by specified pulses 1n
a macro direction 1in which the best focal length becomes
short (direction away from the ceramic board 12), and moves
the lens 21 to a position which utilizes the depth of field and
facilitates a finder to be used 1n normal mode (for example, a
position where the best focal length becomes 1.4 m or so).
After the lens 21 1s moved to the initial position, the CPU 36
starts camera through for outputting an image input from the
camera 10 to the display unit 33 (step S13).

The above-described process 1s the normal 1itial-position
moving process.

10

15

20

25

30

35

40

45

50

55

60

65

8

Next, the normal auto focus control process which 1s the
process at step S5 1n the basic process of the camera shown 1n
FIG. 5 will be explained. FIG. 7 1s a flowchart showing the
process contents of the normal auto focus control process.

First, the CPU 36 determines whether an operation of
starting the auto focusing (AF) by the user has been detected
(step S21). When the AF start operation 1s not detected (step
S21: NO), the CPU 36 stands by until the operation 1s
detected. As the user performs an operation of instructing the
initiation of image capturing or AF, the CPU 36 detects the AF
start operatlon (step S21: YE JS) and starts AF. In starting the
AF, as done 1n step S11 1in the foregoing normal 1nitial-
position moving process (FIG. 6), the CPU 36 moves the lens
21 and the lens holder 18 to the infinity-end reference position
to specity the lens position (step S22). Specifically, the CPU
36 moves the lens holder 18 at the normal 1mitial position for
the camera through to the infinity-end reference position. The
CPU 36 waits for the passage of a predetermined time suifi-
cient for the completion of the movement.

Thereatter, the CPU 36 moves the lens holder 18 to the end
of the AF scan range 1n normal mode (step S23). Specifically,
the CPU 36 sets the position of the end of the scan range with
the infinity-end reference position taken as a reference, and
moves the lens 21 and the lens holder 18 to the set position.
The CPU 36 moves the lens 21 and the lens holder 18 to the
infinity end of the AF scan range in normal mode from the
infinity-end reference position in the macro direction.

The CPU 36 sequentially moves the lens 21 and the lens
holder 18 in the macro direction by predetermined distances
within the scan range, and acquires 1images via the lens 21 and
the imaging device 11 for the individual points to which the
lens 21 and the lens holder 18 are moved. When the lens
holder 18 moves to the macro-side end of the scan range, the
CPU 36 detects a peak position based on the acquired images
(step S24). Spemﬁcallyj aiter the lens holder 18 moves to an
AF end position 1n normal mode (position where the best
focal length becomes, for example, 30 cm), the CPU 36
detects the peak position which provides the best focus from
image information acquired at the individual points using the
method disclosed 1n, for example, Unexamined Japanese
Patent Application KOKAI publication No. H5-122579. The
lens position that 1s appropriate for imaging the object 1s
estimated from the peak position.

The peak position detecting process in step S24 will be
explained in detail. FIG. 8 15 a flowchart showing the process
contents of the peak position detecting process.

Every time the lens holder 18 moves within the AF scan
range, the CPU 36 acquires contrast information from an
obtained 1image (steps S41, S42, S43). Specifically, when the
CPU 36 acquires contrast mformation at one pomnt and
records the contrast information in the memory 34 (step S41),
the CPU 36 determines whether the lens holder 18 reaches the
end of the scan range (step S42). When the lens holder 18 has
not reached the end of the scanrange (step S42: NO), the CPU
36 moves the lens holder 18 by a predetermined number of
pulses (step S43), and returns to step S41 to acquire contrast
information at the point to which the lens holder 18 1s moved
and record the contrast information in the memory 34.

When having determined that the lens holder 18 has
reached the end of the scanrange (step S42: YES), the CPU 36
specifies a maximum contrast from the acquired plural pieces
of contrast information (step S44).

The CPU 36 specifies the lens position which provides the
maximum contrast information, and reads contrast informa-
tion of images acquired at lens positions around the specified
lens position from the memory 34. Then, the CPU 36 per-
forms quadratic curve approximation using the maximum




US 7,697,832 B2

9

contrast information and the read contrast information there-
around to acquire, as a peak position, a lens position which
provides a peak contrast (step S45). This process detects a
peak position providing the best focus using the fact that
highest contrast information 1s acquired from the lens posi-
tion which provides the best focus.

The foregoing process 1s the peak position detecting pro-
CEesS.

Turning back to FI1G. 7, when the peak position detecting
process (step S24) ends, the CPU 36 determines based on the

process result whether detection of a peak position has been
successiul (step S25).

When the detection of a peak position has been successiul
(step S25: YES), the CPU 36 moves the lens 21 and the lens
holder 18 to the peak position (step S26), and displays the
success ol AF on the display unit 33 (step S27).

When the detection of a peak position has failed (step S25:
NO), the CPU 36 moves the lens 21 and the lens holder 18 to
the 1infinity-end reference position (step S28), and displays
the failure of AF on the display unit 33 (step S29).

The above-described process 1s the normal auto focus con-
trol process.

Next, the macro 1itial-position moving process which 1s
the process at step S6 1n the basic process of the camera shown
in FIG. 5 will be explained 1n detail. FIG. 9 1s a flowchart
showing the process contents of the macro initial-position
moving process.

First, the CPU 36 moves the lens holder 18 to a macro-side
reference position (step S31). Specifically, because at which
position the lens 21 1s located 1s unknown, the CPU 36 con-
tinuously applies the pulse voltage VC to the piezoelectric
clement 15 to move the lens holder 18 having the lens 21 built
therein 1n a macro direction (direction away from the ceramic
board 12). The presence of the macro-side stopper 20 in the
macro direction inhibits the lens holder 18 from further mov-
ing after contacting the macro-side stopper 20. Therefore, no
matter which position the lens 1s located when the macro
initial-position moving process 1s started, the lens 21 and the
lens holder 18 move to the macro-side stopper 20 which 1s the
macro-side reference position, thereby specifying the lens
position.

Atthis time, the CPU 36 applies the pulse voltage VC to the
piezoelectric element 15 for a predetermined time suificient
to move the lens holder 18 from an arbitrary position on the
drive shait to the macro-side reference position, so that the
lens holder 18 moves to the macro-side reference position. In
this respect, the CPU 36 waits for the passage of the prede-
termined time suificient for the completion of the movement.

Thereafter, the CPU 36 moves the lens 21 to an initial
position 1n macro mode (macro 1nitial position) (step S52).
Specifically, the CPU 36 set the macro 1nitial position with the
macro-side reference position taken as a reference, and
moves the lens 21 and the lens holder 18 to the set position.
The CPU 36 moves the lens holder 18 by specified pulses 1n
an infinite direction (direction toward the ceramic board 12),
and moves the lens 21 to a position which utilizes the depth of
field and facilitates a finder to be used 1n macro mode (for
example, a position where the best focal length becomes 10
cm or so). After the lens 21 1s moved to the initial position, the
CPU 36 starts camera through for outputting an 1image 1nput
from the camera 10 to the display unit 33 (step S353).

The above-described process 1s the macro itial-position
moving process.

Next, the macro auto focus control process which 1s the
process at step S7 1n the basic process of the camera shown in
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FIG. § will be explained in detail. FIG. 10 1s a flowchart
showing the process contents of the macro auto focus control
pProcess.

First, the CPU 36 determines whether an operation of
starting AF by the user has been detected (step S61). When the
AF start operation 1s not detected (step S61: NO), the CPU 36
stands by until the operation 1s detected. As the user performs
an operation of nstructing the mitiation of image capturing or
AF, the CPU 36 detects the AF start operation (step S61:
Y;,S), and starts AF. In starting the AF, as done 1n step S51 1n
the macro 1nitial-position moving process (FI1G. 9), the CPU
36 moves the lens 21 and the lens holder 18 to the macro-side
reference position to specily the lens position (step S62).
Specifically, the CPU 36 moves the lens holder 18 at the
macro 1nitial position for the camera through to the macro-
side reference position. The CPU 36 waits for the passage of
a predetermined time suificient for the completion of the
movement.

Thereatter, the CPU 36 moves the lens holder 18 to the end
of the AF scan range 1n macro mode (step S63). Specifically,
the CPU 36 sets the position of the end of the scan range with
the macro-side reference position taken as reference, and
moves the lens 21 and the lens holder 18 to the set position.
The CPU 36 moves the lens 21 and the lens holder 18 to the
macro-side end of the AF scan range 1n macro mode from the
macro-side reference position in the mfinite direction.

The CPU 36 sequentially moves the lens 21 and the lens
holder 18 1n the infinite direction by predetermined distances
within the scan range, and acquires 1mages via the lens 21 and
the imaging device 11 for the individual points to which the
lens 21 and the lens holder 18 are moved. When the lens
holder 18 moves to the infinity end of the scan range, the CPU
36 detects a peak position based on the acquired images (step
S64). Specifically, after the lens holder 18 1s moved to the AF
end position 1n macro mode (position where the best focal
length becomes, for example, 20 cm), the CPU 36 detects the
peak position which provides the best focus from 1mage nfor-
mation acquired at the individual points through a process
similar to, for example, the peak position detecting process
shown 1n FIG. 8.

When the peak position detecting process (step S64) ends,
the CPU 36 determines based on the process result whether
detection of a peak position has been successiul (step S65).

When the detection of a peak position has been successiul
(step S65: YES), the CPU 36 moves the lens 21 and the lens
holder 18 to the peak position (step S66), and displays the
success of AF on the display unit 33 (step S67).

When the detection of a peak position has failed (step S63:
NO), the CPU 36 moves the lens 21 and the lens holder 18 to
the macro-side reference position (step S68), and displays the
tailure of AF on the display unit 33 (step S69).

The above-described process 1s the macro auto focus con-
trol process.

As the camera 10 executes the processes shown in FIG. S to
FIG. 10 explained above, an AF operation using a piezoelec-
tric element can be realized.

A macro 1mnmitial-position moving process and a macro auto
focus control process which are executed by an ordinary
camera which performs an AF operation using a piezoelectric
clement will be explained with reference to FIGS. 11 and 12.

To begin with, the macro 1nitial-position moving process
that 1s executed by the conventional camera will be explained.
FIG. 11 1s a flowchart showing the process contents of the
conventional macro initial-position moving process.

First, the CPU 36 moves the lens holder 18 to an infinity-
end reference position (step S81). Specifically, because at
which position the lens 21 1s located 1s unknown, the CPU 36
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continuously applies the pulse voltage VC to the piezoelectric
clement 15 to move the lens holder 18 having the lens 21 built
therein 1n the nfinite direction. The presence of the infinity
end stopper 19 1n the infinite direction imnhibaits the lens holder
18 from further moving after contacting the infinity end stop- >
per 19. Therefore, no matter which position the lens 1s located
when the macro mitial-position moving process 1s started, the
lens 21 and the lens holder 18 move to the infinity end stopper
19 which 1s the infinity-end reference position, thereby speci-
tying the lens position.

Atthis time, the CPU 36 applies the pulse voltage VC to the
piezoelectric element 15 for a predetermined time suificient
to move the lens holder 18 from an arbitrary position on the

drive shaift to the infinity-end reference position, so that the 15
lens holder 18 moves to the infinity-end reference position. In

this respect, the CPU 36 waits for the passage of the prede-
termined time suificient for the completion of the movement.

Thereafter, the CPU 36 moves the lens 21 to the initial
position 1n macro mode (macro 1nitial position) (step S82). 20
Specifically, the CPU 36 set the macro 1nitial position with the
infinity-end reference position taken as a reference, and
moves the lens 21 and the lens holder 18 to the set position.
The CPU 36 moves the lens holder 18 by specified pulses 1n
the macro direction, and moves the lens 21 to aposition which 25
utilizes the depth of field and facilitates a finder to be used 1n
macro mode (for example, a position where the best focal
length becomes 10 cm or so). After the lens 21 1s moved to the
in1tial position, the CPU 36 starts camera through for output-
ting an 1mage input from the camera 10 to the display umit 33 30
(step S83).

The above-described process 1s the macro itial-position
moving process that 1s executed by the conventional camera.

10

The conventional macro 1nitial-position moving process
will be explained referring to an example of the moving path
of the lens 21 shown in FIG. 13. As exemplified in FIG. 13, let
the distance from the infinity end stopper 19 to the macro-side
stopper 20 (the position where the best focal length becomes
8 cm) be 350 um, the distance from the infinity end stopper 19
to the position where the best focal length becomes 10 cm be
280 um, and the distance from the infinity end stopper 19 to
the position where the best focal length becomes 20 cm be
130 um. It 1s assumed that while the average moving speed of
the lens 1s 3.75 mm/sec, the moving speed of the lens fluctu-
ates from Min (2.2 mm/sec) to Max (3.3 mm/sec). +

In the case of the average speed, when the pulse voltage VC
of about 8300 pulses, for example, 1s applied to the piezo-
clectric element 135, the lens 21 reaches the macro initial
position (the position where the best focal length 1s 10 cm)
from the position of the mfinity end stopper 19 (moving path
M1).

With the moving speed being Min (2.2 mm/sec), even
when the same pulse voltage VC of about 8300 pulses as
applied 1n the case of the average speed 1s applied to the 55
piezoelectric element 15, the lens 21 does not move beyond
the position where the best focal length 1s about 17 cm (mov-
ing path M2). With the moving speed being Max (5.3
mmy/sec), when the same pulse voltage VC of about 8300
pulses as applied 1n the case of the average speed 1s applied to
the piezoelectric element 15, 1n calculation, the lens 21 moves
beyond the position where the best focal length 1s 8 cm.
Accordingly, the lens 21 stops at the position of the macro-
side stopper 20 (moving path M3).

35
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This causes a significant variation 1n lens position (varia- 65
tion V1). This vaniation in lens position 1s originated from the
long distance from the starting point of the movement to the
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macro 1nitial position, for the starting point of the movement
to the macro 1mitial position 1s the position of the infinity end
stopper 19.

In the macro 1nitial-position moving process of the camera
10 of the embodiment, however, because the starting point of
the movement to the macro 1mtial position 1s the position of
the macro-side stopper 20, the distance from the starting point
to the macro 1nitial position 1s short. Even 1f the moving speed
of the lens 21 fluctuates from Min (2.2 mm/sec) to Max (3.3
mmy/sec), a variation 1n lens position 1s small.

Specifically, with the lens moving at the average speed,
when the pulse voltage VC of about 2000 pulses, for example,
1s applied to the piezoelectric element 15, the lens 21 moves
from the position of the macro-side stopper 20 to the macro
initial position (the position where the best focal length 1s 10
cm) (moving path M4). With the moving speed being Min
(2.2 mm/sec), when the same pulse voltage VC of about 2000
pulses as applied 1n the case of the average speed 1s applied to
the piezoelectric element 15, the lens 21 moves to the position
where the best focal length 1s about 9 cm (moving path MS5).
With the moving speed being Max (5.3 mm/sec), when the
same pulse voltage VC of about 2000 pulses as applied 1n the
case of the average speed 1s applied to the piezoelectric ele-
ment 135, the lens 21 moves to the position where the best focal
length 1s about 11 cm (moving path M6).

Therefore, the 1nitial position falls within a range from the
position where the best focal length 1s about 9 cm to the
position where the best focal length 1s about 11 cm, resulting
in a small variation (variation V2).

It 1s apparent that the embodiment can suppress a variation
in the position of the lens 21 after movement.

The macro auto focus control process that 1s executed by
the conventional camera will be explained next. FIG. 12 1s a
flowchart showing the process contents of the conventional
macro auto focus control process.

First, the CPU 36 determines whether an operation of
starting AF by the user has been detected (step S91). When the
AF start operation 1s not detected (step S91: NO), the CPU 36
stands by until the operation 1s detected. As the user performs
an operation of instructing the iitiation of image capturing or
AF, the CPU 36 detects the AF start operation (step S91:
YES), and starts AF. In starting the AF, as done 1n step S81 in
the conventional macro nitial-position moving process (FIG.
11), the CPU 36 moves the lens 21 and the lens holder 18 to
the infinity-end reference position to specity the lens position
(step S92). Specifically, the CPU 36 moves the lens holder 18
at the macro initial position for the camera through to the
infinity-end reference position. The CPU 36 waits for the
passage ol a predetermined time suificient for the completion
of the movement.

Thereafter, the CPU 36 moves the lens holder 18 to the end
of the AF scan range 1n macro mode (step S93). Specifically,
the CPU 36 sets the position of the end of the scan range with
the infinity-end reference position taken as a reference, and
moves the lens 21 and the lens holder 18 to the set position.
The CPU 36 moves the lens 21 and the lens holder 18 to the
infinity end of the AF scan range 1n macro mode from the
infinity-end reference position 1n the macro direction.
Because the starting point of the movement 1s the infinity-end
reference position 1n the conventional macro auto focus con-
trol process, the lens holder 18 moves to the infinity end (the
position where the best focal length becomes 20 cm) close to
the infinity-end reference position in the scan range, and AF 1s
started from that position.

Then, the CPU 36 sequentially moves the lens 21 and the
lens holder 18 in the macro direction by predetermined dis-
tances within the scan range, and acquires images via the lens
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21 and the 1imaging device 11 for the individual points to
which the lens 21 and the lens holder 18 are moved. When the
lens holder 18 moves to the macro-side end of the scan range,
the CPU 36 detects a peak position based on the acquired
image (step S94). Specifically, after the lens holder 18 moves
to the AF end position in macro mode (the position where the
best focal length becomes 10 cm), the CPU 36 detects a peak
position which provides the best focus from 1mage informa-
tion acquired at the individual points.

Next, the CPU 36 determines whether detection of a peak
position has been successtul (step S95). When the detection
ol a peak position has been successtiul (step S95: YES), the
CPU 36 moves the lens 21 and the lens holder 18 to the peak
position (step S96), and displays the success of AF on the
display unit 33 (step S97).

When the detection of a peak position has failed (step S95:
NO), the CPU 36 moves the lens 21 and the lens holder 18 to

the 1mnfinity-end reference position (step S98), and displays
the failure of AF on the display unit 33 (step S99).

The above-described process 1s the macro auto focus con-
trol process that 1s executed by the conventional camera.

The conventional macro auto focus control process will be
explained referring to an example of the moving path of the

lens 21 shown in FIG. 14.

As exemplified 1n FIG. 14, the AF scan range 1n macro
mode 1s set from the position where the best focal length 1s 20
cm to the position where the best focal length 1s 10 cm. With
the moving speed of the lens being the average of 3.75
mm/sec, when the pulse voltage VC of about 3900 pulses, for
example, 1s applied to the piezoelectric element 15, the lens
21 moves to the infinity end of the scan range (the position
where the best focal length 1s 20 cm) from the position of the
infinity end stopper 19. In the case of the average speed, when
the pulse voltage VC of about 8300 pulses, for example, 1s
applied to the piezoelectric element 15, the lens 21 moves to
the macro-side end of the scan range (the position where the
best focal length 1s 10 cm) from the position of the infinity end
stopper 19.

With the moving speed being Min (2.2 mm/sec), when the
movement of the lens 21 1s controlled with the same number
of pulses as applied in the case of the average speed, the
infinity end of the scan range comes to the position where the
best focal length becomes about 33 ¢cm, and the macro-side
end of the scan range comes to the position where the best
tocal length becomes about 17 cm. With the moving speed
being Max (5.3 mm/sec), the infinity end of the scan range
comes to the position where the best focal length becomes
about 15 cm, and the macro-side end of the scan range comes
to the position where the best focal length becomes equal to or
less than 8 cm 1n calculation, and thus comes to the position of
the macro-side stopper 20. When the moving speed of the lens
fluctuates this way, the scan range changes. For terminals
(cellular phones) with different lens moving speeds, there-
fore, the focal distance 1n macro mode becomes different.

In the macro auto focus control process of the camera 10 of
the embodiment, by way of contrast, the lens 21 moves with
the position of the macro-side stopper 20 being a reference
position. With the moving speed of the lens being the average
of 3.75 mm/sec, when the pulse voltage VC of about 2000
pulses, for example, 1s applied to the piezoelectric element
15, the lens 21 moves to the macro-side end of the scan range
(the position where the best focal length 1s 10 cm) from the
position of the macro-side stopper 20. In the case of the
average speed, when the pulse voltage VC of about 63500
pulses, for example, 1s applied to the piezoelectric element
15, the lens 21 moves to the infinity end of the scan range (the
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position where the best focal length 1s 20 cm) from the posi-
tion of the macro-side stopper 20.

With the moving speed being Min (2.2 mm/sec), when the
movement of the lens 21 1s controlled with the same number
of pulses as applied in the case of the average speed, the
macro-side end of the scan range comes to the position where
the best focal length becomes about 9 cm, and the infinity end
of the scan range comes to the position where the best focal
length becomes about 12 cm. With the moving speed being
Max (5.3 mm/sec), the macro-side end of the scan range
comes to the position where the best focal length becomes
about 11 cm, and the infinity end of the scan range comes to
the position where the best focal length becomes about 65 cm.

That 1s, 1n case where the pulse voltage VC to be applied
has 2000 to 6500 pulses, when the moving speed of the lens
fluctuates from Min to Max, the common scan range 1s
restricted to the range between the position where the best
focal length 1s 11 cm and the position where the best focal
length 1s 12 cm. In this respect, the range of the number of
pulses of the pulse voltage VC to be applied 1s increased so
that even 11 the moving speed of the lens fluctuates, the range
between the position where the best focal length 1s 10 cm and
the position where the best focal length 1s 20 cm, which 1s set
as the AF scan range in macro mode, becomes the common
scan range.

Specifically, with the lens moving speed being Max, when
the pulse voltage VC of 1400 pulses, for example, 1s applied
to the piezoelectric element 15, the lens 21 moves to the
macro-side end of the scan range (the position where the best
focal length 1s 10 cm) from the position of the macro-side
stopper 20. With the lens moving speed being Min, when the
pulse voltage VC of 11000 pulses, for example, 1s applied to
the piezoelectric element 15, the lens 21 moves to the infinity
end of the scan range (the position where the best focal length
1s 20 cm) from the position of the macro-side stopper 20.

Accordingly, 1400 pulses are applied to the piezoelectric
clement 15 to move the lens 21 to the macro-side end of the
scan range, and 11000 pulses are applied to the piezoelectric
clement 135 to move the lens 21 to the infinity end of the scan
range.

When the lens moving speed 1s Min, therefore, AF 1s pos-
sible from the position where the best focal length 1s about 9
cm to the position where the best focal length 1s about 20 cm.
When the lens moving speed 1s Max, therefore, AF 1s possible
from the position where the best focal length 1s about 10 cm
to the mnfinity end. Therefore, every terminal (cellular phone)
can cover the desirable AF scan range from the position where
the best focal length 1s 10 cm to the position where the best
focal length 1s 20 cm 1n macro mode.

Further, the camera 10 of the embodiment has an advantage
such that the time till the initiation of AF scanning is shorter.

In the conventional macro auto focus control process (FIG.
12), 1n response to the user’s instruction to 1mitiate 1image
capturing or AF (step S91:YES), as shown in FI1G. 14, the lens
21 moves 280 um to the position of the mnfimity end stopper 19
from the macro mitial position (step S92), then moves 130 um
to the position where the best focal length 1s 20 cm from the
position of the infinity end stopper 19 (step S93), after which
AF scannmg starts. That1s, the lens 21 moves 410 um until AF
scanning starts.

With the use of the camera 10 of the embodiment, by way
of contrast, the lens 21 moves 70 um to the position of the
macro-side stopper 20 from the macro 1nitial position (step
S62 1in FIG. 10), then moves 70 um to the position where the
best focal length 1s 10 cm from the position of the macro-side
stopper 20 (step S63), after which AF scanning starts. That 1s,
the moving distance of 140 um of the lens 21 until the nitia-
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tion of AF scanning 1s shorter than that of the conventional
camera. Accordingly, in the AF of the camera 10 of the
embodiment, the time till the mitiation of AF scanning is
shorter than that of the conventional camera.

The present mvention 1s not limited to the foregoing
embodiment, but can be modified in various other forms.

For example, the infinity-end reference position, the nor-
mal 1mitial position, the macro 1nitial position, and the macro-
side reference position are not respectively limited to the
position where the best focal length 1s the infinity end, the
position where the best focal length 1s 1.4 m, the position
where the best focal length 1s 10 cm, and the position where
the best focal length 1s 8 cm, but may be set to other positions.

The foregoing description of the embodiment has been
given of the case where the camera 10 1s installed 1n a cellular
phone. However, the camera 10 may be installed in other
information processing apparatuses, such as a PDA (Personal
Digital Assistant), a portable music player and an electronic
wrist watch.

The foregoing description of the embodiment has been
given on the premise that the program 341 to control the
operation of the camera 10 1s prestored in the memory 34 1n
the cellular phone equipped with the camera 10. The program
to execute the above-described processes may be stored 1n a

computer-readable recording medium, such as a tlexible disk,
a CD-ROM (Compact Disc Read-Only Memory), a DVD

(Digital Versatile Disk), or an MO (Magneto-Optical disk),
for distribution, and may be installed on a computer equipped
with the camera 10 to realize an apparatus which executes the
above-described processes.

The program may be stored beforehand 1n a disk device or
the like of a server device present on a communication net-
work, such as the Internet, and superimposed on, for example,
a carrier wave, and downloaded to a computer. The above-
described processes can be achieved by transferring the pro-
gram over a communication network and executing the pro-
gram.

When the above-described functions are partly executed by
the OS (Operating System) or are realized by the cooperation
of the OS and the application, for example, only the other part
than the OS may be stored 1n a recording medium for distri-
bution, or may be downloaded to a cellular phone.

Various embodiments and changes may be made thereunto
without departing from the broad spirit and scope of the
invention. The above-described embodiment 1s intended to
illustrate the present invention, not to limit the scope of the
present invention. The scope ol the present invention 1s shown
by the attached claims rather than the embodiment. Various
modifications made within the meaning of an equivalent of
the claims of the mvention and within the claims are to be
regarded to be 1n the scope of the present mvention.

This application 1s based on Japanese Patent Application
No. 2005-337885 filed on Nov. 22, 2005 and including speci-
fication, claims, drawings and summary. The disclosure of the
above Japanese Patent Application 1s incorporated herein by
reference 1n its entirety.

What 1s claimed 1s:
1. An imaging apparatus that picks up an 1mage input via a
lens, comprising:;
a moving unit that moves the lens along a drive shaft 1n a
direction to make shorter a best focal length where a best
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focus 1s set to an 1maging target and 1n a direction to
make the best focal length longer;
a first stopper that inhibits the lens from moving along the
drive shait 1n the direction to make the best focal length
longer; and
a second stopper that 1s located at a position apart from the
first stopper and inhibits the lens present between the
first stopper and the second stopper from moving 1n the
direction to make the best focal length shorter, wherein
the moving unit includes
a {irst unit that sets a position to which the lens moves
along the drive shait with a position of the first stopper
taken as a reference, and moves the lens from the
position of the first stopper to the position set with the
position of the first stopper taken as a reference; and

a second unit that sets the position to which the lens
moves along the drive shait with a position of the
second stopper taken as a reference, and moves the
lens from the position of the second stopper to the
position set with the position of the second stopper
taken as a reference, and wherein

the first unit and the second unit are switched from one to
the other according to 1maging modes.

2. The imaging apparatus according to claim 1, wherein the
moving unit includes a piezoelectric element that 1s attached
to an end portion of the drive shait and stretches with a pulse
applied to vibrate the drive shatt, thereby moving the lens.

3. The imaging apparatus according to claim 1, wherein the
first stopper 1s arranged so as to stop the lens at a position
which sets the best focal length at infinity.

4. The imaging apparatus according to claim 1, wherein the
first unit moves the lens to the position of the first stopper
from an 1nitial lens position, sets the position of the lens with
the position of the first stopper taken as a reference, and
moves the lens from the position of the first stopper to the
position set with the position of the first stopper taken as a
reference, and

the second unit moves the lens to the position of the second
stopper from the initial lens position, sets the position of
the lens with the position of the second stopper taken as
a reference, and moves the lens from the position of the
second stopper to the position set with the position of the
second stopper taken as a reference.

5. The imaging apparatus according to claim 4, wherein the
initial lens position 1s a lens position to execute a camera
through to output the image input via the lens to a display unat.

6. The imaging apparatus according to claim 1, wherein

the 1maging modes include a first 1imaging mode and a
second 1maging mode, the second 1imaging mode ensur-
ing closer imaging than the first imaging mode;

the first unit sets a start position of auto focusing 1n the first
imaging mode with the position of the first stopper taken
as a reference, and moves the lens from the position of
the first stopper to the start position of the auto focusing
in the first imaging mode; and

the second unit sets a start position of auto focusing in the
second 1maging mode with the position of the second
stopper taken as a reference, and moves the lens from the
position of the second stopper to the start position of the
auto focusing 1n the second imaging mode.
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